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MAN-MADE COMPOSITE MATERIAL AND
MAN-MADE COMPOSITE MATERIAL
ANTENNA

FIELD OF THE INVENTION

The present invention generally relates to the field of elec-
tromagnetic technologies, and more particularly, to a man-
made composite material and a man-made composite mate-
rial antenna.

BACKGROUND OF THE INVENTION

In conventional optics, a lens can be used to refract a plane
wave 1nto a spherical wave which appears to be radiated from
a point light source located at a virtual focus of the lens.
Currently, the diverging effect ol the lens 1s achieved by virtue
ol the refractive property of the spherical form of the lens. The
inventor has found in the process of making this invention
that, the lens antenna has at least the following techmnical
problems: the lens 1s bulky and heavy, which 1s unfavorable
for miniaturization; performances of the lens rely heavily on
the shape thereof, and directional propagation from the
antenna can be achieved only when the lens has a precise
shape; and serious interferences and losses are caused to the
clectromagnetic waves, which reduces the electromagnetic
energy. Moreover, for most lens antennae, abrupt transitions

of the refractive indices follow a simple line that 1s perpen-
dicular to a lens surface. Consequently, electromagnetic
waves propagating through the lenses suffer from consider-
able refraction, diffraction and reflection, which have a seri-
ous ellect on the performances of the lenses.

SUMMARY OF THE INVENTION

In view of the atoresaid problems that the prior art antennae
suftfer from considerable refraction, diffraction and reflection
and have poor lens performances, an objective of the present
invention 1s to provide a man-made composite material and a
man-made composite material antenna that have superior

performances.

To achieve the aforesaid objective, the present mnvention
provides a man-made composite material, which 1s disposed
in a propagation direction of a plane electromagnetic wave.
The plane electromagnetic wave 1s 1incident on a first surface
of the man-made composite material and exits in the form of
a spherical wave from a second surface of the man-made
composite material opposite to the first surface. Reverse
extensions of the exiting electromagnetic wave intersect with
cach other at a virtual focus of the man-made composite
maternal. A line connecting the virtual focus to a point on the
second surface of the man-made composite material and a
line perpendicular to the man-made composite material form
an angle 0 therebetween, which uniquely corresponds to a
curved surface 1 the man-made composite material. A set
formed by points having the same angle 0 forms a boundary
of the curved surface to which the angle 0 uniquely corre-
sponds. Each point on the curved surface to which the angle O
uniquely corresponds has a same refractive index. Refractive
indices of the man-made composite material increase gradu-
ally as the angle 0 increases.
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Preferably, a refractive index distribution of the curved
surface satisfies:

| [(F+d)

"= 56

—(F+d)+n,d|,

cosf

where, S(0) 1s an arc length of a generatrix of the curved
surface, F 1s a distance from the virtual focus to the man-made
composite material; d 1s a thickness of the man-made com-
posite material; and n_ . 1s a minimum refractive index of the
man-made composite material.

Preferably, the generatrix of the curved surface 1s a para-

bolic arc or an elliptical arc.
Preferably, the arc length S(0) of the parabolic arc satisfies:

log(ftané] + V1 +tan26 ) + 8

andl 0 + V1 +tan20 |,

S(6) =

b S

where 0 1s a preset decimal.

Preferably, when a line passing through a center of the
second surface of the man-made composite material and per-
pendicular to the man-made composite material 1s taken as an
abscissa axis and a line passing through the center of the
second surface of the man-made composite material and par-
allel to the second surface 1s taken as an ordinate axis, an
equation of a parabola where the parabolic arc 1s located 1s
represented as:

1
y(x) = tané‘(— ﬁxz +x+ F+ d).

Preferably, the angle 0 and each point (x, y) of the parabolic
arc satisly the following relational expression:

2dy
2A(F+d+x)—x|

O(x, y) =tan ™"

Preferably, when a line passing through a center of the
second surface of the man-made composite material and per-
pendicular to the man-made composite material 1s taken as an
abscissa axis and a line passing through the center of the
second surface of the man-made composite material and par-
allel to the second surface 1s taken as an ordinate axis, an
equation ol an ellipse where the elliptical arc 1s located 1s
represented as:

where a, b and c¢ satisty the following relationships:

d*  [(F+dtand—c]*
2 P2 =1
sinf b* d

\/HZ(Q)—SiHZ(QJ @ (F+dtanf—c
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Preferably, a center of the ellipse where the elliptical arc 1s
located 1s located on the first surtace and has coordinates (d,
C).

Preferably, a point on the second surface corresponding to
the angle 0 has a refraction angle 0', and a refractive index
n(0) of the point satisfies:

siné

&) = .
o) siné’

Preferably, the man-made composite material comprises at
least one man-made composite material sheet layer, each of
which comprises a sheet-like substrate and a plurality of
man-made microstructures attached on the substrate.

To achieve the aforesaid objective, the present invention
turther provides a man-made composite material antenna,
which comprises a radiation source and a man-made compos-
ite material disposed 1n a propagation direction of a plane
clectromagnetic wave. The plane electromagnetic wave 1s
incident on a first surface of the man-made composite mate-
rial and exits 1n the form of a spherical wave from a second
surface of the man-made composite material opposite to the
first surface. Reverse extensions of the exiting electromag-
netic wave intersect with each other at a virtual focus of the
man-made composite material. A line connecting the virtual
focus to a point on the second surface of the man-made
composite material and a line perpendicular to the man-made
composite material form an angle 0 therebetween, which
uniquely corresponds to a curved surface in the man-made
composite material. A set formed by points having the same
angle 0 forms a boundary of the curved surface to which the
angle 0 uniquely corresponds. Each point on the curved sur-
face to which the angle 0 uniquely corresponds has a same
refractive index. Refractive indices of the man-made compos-
ite material increase gradually as the angle 0 increases.

Preferably, a refractive index distribution of the curved
surface satisfies:

1 [(F+d)
SO

1{6) —(F+d)+n,,,d|,

cosf

where, S(0) 1s an arc length of a generatrix of the curved
surface, F 1s a distance from the virtual focus to the man-made
composite material; d 1s a thickness of the man-made com-
posite material; and n_ . 1s a mimmum refractive index of the
man-made composite material.

Preferably, the generatrix of the curved surface 1s a para-
bolic arc or an elliptical arc.

Preferably, the arc length S(0) of the parabolic arc satisfies:

log([tané] + V1 + tan26 ) + 8

andl 0 + V1 +tan20 |,

S(6) =

b &

where 0 15 a preset decimal.

Preferably, when a line passing through a center of the
second surface of the man-made composite material and per-
pendicular to the man-made composite material 1s taken as an
abscissa axis and a line passing through the center of the
second surface of the man-made composite material and par-
allel to the second surface 1s taken as an ordinate axis, an
equation of a parabola where the parabolic arc 1s located 1s
represented as:
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4

1
y(x) = tan@(— ﬁxz +x+ F+ d).

Preferably, the angle 0 and each point (x, v) of the parabolic
arc satisty the following relational expression:

2dy
2A(F+d+x)—-x2 |

O(x, y) =tan™"

Preferably, when a line passing through a center of the
second surface of the man-made composite material and per-
pendicular to the man-made composite material 1s taken as an
abscissa axis and a line passing through the center of the
second surface of the man-made composite material and par-
allel to the second surface i1s taken as an ordinate axis, an
equation of an ellipse where the elliptical arc 1s located 1s
represented as:

N2 EPRY:
w-df  y-of _

a* b2 L3

where a, b and ¢ satisty the following relationships:

d*  [(F+dtand—c]*
2 12 =L
sinf b* d

\/nz(ﬁ)—sinz(&?) @ (F+ditanf-c’

Preferably, a center of the ellipse where the elliptical arc 1s
located 1s located on the first surface and has coordinates (d,
C).

Preferably, a point on the second surface corresponding to
the angle 0 has a refraction angle ‘0°, and a refractive index
n(0) of the point satisfies:

siné

() =

sing’

Preferably, the man-made composite material comprises at
least one man-made composite material sheet layer, each of
which comprises a sheet-like substrate and a plurality of
man-made microstructures attached on the substrate.

The technical solutions of the present invention have the
following benefits: by designing abrupt transitions of the
refractive indices of the man-made composite material to
follow a curved surface, the refraction, diffraction and reflec-
tion at the abrupt transition points can be sigmificantly
reduced. As aresult, the problems caused by interferences are
cased, which further improves performances of the man-
made composite material and the man-made composite mate-
rial antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions of embodiments of the
present invention more clearly, the attached drawings neces-
sary for description of the embodiments will be introduced
briefly hereinbelow. Obviously, these attached drawings only
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illustrate some of the embodiments of the present invention,
and those of ordinary skill 1n the art can further obtain other

attached drawings according to these attached drawings with-
out making inventive efforts. In the attached drawings:

FI1G. 1 1s a schematic view 1llustrating a diverging effectof 5
a man-made composite material according to an embodiment
ol the present 1nvention on an electromagnetic wave;

FIG. 2 1s a schematic view 1llustrating a form of a curved
surface 1n the man-made composite material 10 shown 1n
FIG. 1 to which an angle 0 uniquely corresponds; 10

FIG. 3 1s a side view of the man-made composite material
10 shown 1n FIG. 2;

FI1G. 4 1s a schematic view 1llustrating an arc shown 1n FIG.

3;

FI1G. 5 1s a schematic view 1llustrating varniations of refrac- 15
tive indices;

FIG. 6 1s a schematic view 1llustrating coordinates of the
arc shown 1n FIG. 3 when being a parabolic arc;

FIG. 7 1s a schematic view 1llustrating coordinates of the
arc shown 1n FIG. 3 when being an elliptical arc; and 20
FIG. 8 1s a diagram 1illustrating the refractive index distri-

bution 1n a yXx plane.

DETAILED DESCRIPTION OF THE INVENTION

25

FIG. 1 1s a schematic view 1llustrating a diverging effect or
a man-made composite material 10 according to an embodi-
ment of the present 1nvention on an electromagnetic wave.
The man-made composite material 10 1s disposed 1n a propa-
gation direction of an electromagnetic wave emitted from a 30
radiation source. The plane electromagnetic wave 1s incident
on a {irst surface A of the man-made composite material and
exi1ts 1n the form of a spherical wave from a second surface B
of the man-made composite material opposite to the {first
surface A. Reverse extensions of the exiting electromagnetic 35
wave 1ntersect with each other at a virtual focus J of the
man-made composite material.

As can be known as a common sense, the refractive index
of the electromagnetic wave is proportional to Vexit. When an
clectromagnetic wave propagates from a medium to another 40
medium, the electromagnetic wave will be refracted; and 11
the refractive index distribution in the material 1s non-uni-
form, then the electromagnetic wave will be detlected
towards a site having a larger refractive index. By designing
clectromagnetic parameters of the man-made composite 45
material at each point, the refractive index distribution of the
man-made composite material can be adjusted so as to
achieve the purpose of changing the propagating path of the
clectromagnetic wave.

FI1G. 2 1s a schematic view 1llustrating a form of a curved 50
surface 1n the man-made composite material 10 shown 1n
FIG. 1 to which an angle 0 uniquely corresponds. As shown,

a line connecting the virtual focus J to a point on the second
surface B (the surface opposite to the surface A) of the man-
made composite material 10 and a line passing through a 55
center O of the first surface A of the man-made composite
material 10 and perpendicular to the man-made composite
material 10 form an angle 0 therebetween, which uniquely
corresponds to a curved surface Cm 1n the man-made com-
posite material 10. A set formed by points having the same 60
angle 0 forms a boundary (shown as a circle 11) of the curved
surface Cm to which the angle 0 uniquely corresponds. Each
point on the curved surface Cm to which the angle 0 uniquely
corresponds has a same refractive index. A generatrix of the
curved surface 1s an arc m. Refractive indices of the man- 65
made composite material 10 increase gradually as the angle O
Increases.

6

As shown 1 FIG. 2, the generatrix ° tittle curved surface
Cm 1s the arc m, and the curved surface Cm 1s obtained
through rotation of the arc m about a line L. FIG. 3 15 a side
view of the man-made composite material 10. The thickness
of the man-made composite material 10 1s as shown by d, and
L represents a line perpendicular to the man-made composite
material. A side cross-sectional view of a curved surface
having a same refractive index 1s 1in the form of two arcs,
which are symmetrical with respect to the line L. Each of the
arcs shown by a solid line 1s a generatrix of a virtual curved
surface 1n the man-made composite material 10. In order to
more clearly describe that refractive indices on a same curved
surface are 1dentical to each other, the virtual curved surface
(which does not exist actually, and 1s elucidated only for
convenience of description) in the man-made composite
material will be also elucidated. As shown 1n FIG. 4, a line
connecting the radiation source to a point O1 on the second
surface B of the man-made composite material and the line L
passing through the center O of the first surface and perpen-
dicular to the man-made composite material 10 form an angle
0, therebetween, which corresponds to an arc m1; and each
point on a virtual curved surface which 1s obtained through
rotation of the arc m1 has a same refractive index. Likewise,
a line connecting the radiation source to a point O2 on the
second surface of the man-made composite material and the
line L form an angle 0, therebetween, which corresponds to
an arc m2; and each point on a virtual curved surface which 1s
obtained through rotation of the arc m2 has a same refractive
index.

A refractive index distribution of the virtual curved surface
satisfies:

1 [(F+d)
S(B)| cosb

1(0) = —(F+d)+n,,;,d|.

As shown in FI1G. 5, S(0) 1s an arc length of the generatrix (the
arc m) of the virtual curved surface. F 1s a distance from the
virtual focus J to the man-made composite material 10, d 1s a
thickness of the man-made composite material 10, n_. 1s a
minimum refractive index of the man-made composite mate-
rial, andn_ _1s a maximum refractive index of the man-made

FRLEEX

composite material.

Hereimnbelow, a case 1n which the are m 1s a parabolic arc
and a case 1 which the arc m 1s an elliptical arc will be
respectively illustrated as an example.

Supposing that the arc m 1s a parabolic arc, then the arc
length S(0) of the parabolic arc m satisfies the following
equation:

d [log([tand] + V1 + tan?6 ) + 8

S = — + V1 +tan?@ |,
)= 3 tand] + 6 V1+tan

where 0 1s a preset decimal (e.g., 0.0001), and can ensure that
the ratio

log([tanf] + V 1 +tan26 ) + &
tand| + &
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converges when the angle 0 approaches to 0. The angle O
ranges between

As shown 1 FIG. 6, when the line L passing through the
center O of the second surface of the man-made composite
material 10 and perpendicular to the man-made composite
material 10 1s taken as an abscissa axis and a line passing,
through the center O of the second surface of the man-made
composite material 10 and parallel to the second surface 1s
taken as an ordinate axis, a line connecting the virtual focus J
to a certain point O' on the surface B and the X axis form an
angle 0 therebetween. The angle 0 and each point (X, y) of the
parabolic arc satisty the following relational expression:

2dy
28(F+d +x)—x% |

O(x, y) =tan!

Suppose that an equation of a parabola where the parabolic
arc m shown by a solid line is located is: y(x)=ax>+bx+c. The
parabola passes through a point (0, (F+d) tan 0): y(0)=c=(F+
d)tan 0. In order to make the electromagnetic wave propagate
in a direction of the designed parabola, a tangent line of the
parabolic arc must be parallel with the X axis when the
clectromagnetic wave propagates through the first surface A
of the man-made composite material; 1.¢., 1t must be ensured
that y'(d)=0. Because y'(x)=2ax+b, y'(d)=2ad+b=0. In addi-
tion, 1t must also be ensured that the electromagnetic wave
propagates 1n a tangent direction corresponding to the angle 0
when reaching the second surface B of the man-made com-
posite material, so y' (0)=tan 0. An exit direction of the elec-
tromagnetic wave at any point O' on the surface B 1s a direc-
tion of a radius JO' in a sphere E with the virtual focus J as a
circle center, 1.e., a direction perpendicular to a surface of the
sphere E. It can be derived from the atoresaid conditions that
the equation of the parabola 1s

1
y(x) = tanéo‘(— ﬂxz +x+ F+ a’).

Thereby, a relational expression between the angle 0 and each
point (X, v) on the parabolic arc m can be obtained as

2dy
2d(F +d +x)—x% |

O(x, y) =tan '

The angle 0 uniquely corresponds to a curved surface in the
man-made composite material, which 1s obtained through
rotation of the generatrix m about the line L (the X axis); and
cach point on the curved surface to which the angle 0 uniquely
corresponds has a same refractive index.

Suppose that the arc m 1s an elliptical arc. As shown 1n FIG.
7, when the line L passing through the center O of the second
surface of the man-made composite material 10 and perpen-
dicular to the man-made composite material 10 1s taken as an
abscissa axis and the line passing through the center O of the
second surface of the man-made composite material 10 and
parallel to the second surface 1s taken as an ordinate axis, a
line connecting the virtual focus J to any point O' on the
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surface B and the X axis form an angle 0 therebetween. An
equation of an ellipse where the elliptical arc m shown by a
solid line on the ellipse 1s located 1s:

(x—-d)y* (y—c)
-+ p—

= 7 1.

A center of the ellipse 1s located on the first surtace A, and has
coordinates (d, ¢). The ellipse passes through a point (0, (F+d)
tan 0); 1.e., y(0)=(F+d)tan 0. Through the equation of the
cllipse, 1t can be obtained that

[(F + d)tanf — ¢]*
b2 -

dz

12

When a plane wave 1s incident on the man-made composite
material, a tangent line of the electromagnetic wave on the
clliptical arc of the first surface A of the man-made composite
material must be parallel with the X axis; 1.e., 1t must be
ensured that y'(d)=0. A tangential equation at any point (X, y)
on the ellipse 1s

dy b* x—d
dx ™~ @ y-¢’

so 1t can be obtained that y'(d)=0. An exit direction of the
clectromagnetic wave at any point O' on the surface B 1s a
direction of a radius JO' 1n a sphere E with the virtual focus J
as a circle center. 1.¢., a direction perpendicular to a surface of
the sphere E.

The point O' on the second surface B corresponding to the
angle 0 has a refraction angle 0' and a refractive index n(0);
and 1t can be known from the Snell’s law that

siné

nif) =

sing’

The electromagnetic wave propagates 1n a tangent direction
corresponding to the refraction angle 0' when reaching the
second surface B of the man-made composite material 10
from the external (as shown in FIG. 6). That 1s, at a point
where the elliptical arc m infinitely approaches to the point O',
y' (0")=tan 0'. Thereby, the following relational expressions
can be obtained:

b* d |
@ (F+ditanf-c’

s1nf
¥y (07) = tanf =

\/ n2(0) — sin“(0)

R d
@2 (F+dtanf—c¢’

siné

\/ n2(8) — sin*(0)

The angle 0 uniquely corresponds to a curved surface in the
man-made composite material, which 1s obtained through
rotation of the generatrix m about the line L (the X axis); and
cach point on the curved surface to which the angle 0 uniquely
corresponds has a same refractive index.

It shall be appreciated that, when a=b 1n the ellipse, the
cllipse becomes a true circle; and 1n this case, the correspond-
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ing elliptical arc becomes a circular arc, and the curved sur-
face 1s formed through rotation of the circular arc about the

line L (the X axis).

The man-made composite material can be used to convert
a plane wave emitted from the radiation source into a spheri-
cal wave. Relfractive indices of the man-made composite
material increase fromn, . ton__ asthe angle 0 increases, as

FRLGEX

shown 1n FIG. 8. A segment of the parabolic arc shown by a
solid line on the parabola 1s a generatrix of a virtual curved
surface, and refractive indices on a same curved surface are
identical to each other. It shall be appreciated that, the man-
made composite material of the present invention may also be
used to convert a spherical wave into a plane wave (1.e., a case
reversed from what 1s shown 1n FIG. 1) without the need of
changing the construction of the man-made composite mate-
rial. Therefore, various applications adopting the principle of
the present imvention shall all fall within the scope of the
present invention.

In practical structure designs, the man-made composite
material may be designed to be formed by a plurality of
man-made composite material sheet layers, each of which
comprises a sheet-like substrate and a plurality of man-made
microstructures or man-made pore structures attached on the
substrate. The overall refractive index distribution of the plu-
rality of man-made composite material sheet layers combined
together must satisly or approximately satisiy the aforesaid
equations so that refractive indices on a same curved surface
are 1dentical to each other, and the generatrix of the curved
surface 1s designed as a parabolic arc. Of course, 1n practical
designs, 1t may be relatively difficult to design the generatrix
of the curved surface as an accurate parabolic arc or an accu-
rate elliptical arc, so the generatrix of the curved surface may
be designed as an approximate parabolic arc, an approximate
clliptical arc or a stepped form as needed and degrees of
accuracy may be chosen as needed. With continuous advance-
ment of the technologies, the designing manners are also
updated continuously, and there may be a better designing,
process for the man-made composite material to achieve the
refractive index distribution provided by the present inven-
tion.

Each of the man-made microstructures 1s a two-dimen-
sional (2D) or three-dimensional (3D) structure comprising a
metal wire and having a geometric pattern, and may be of, for
example but 1s not limited to, a cross shape, a 2D snowtlake
shape or a 3D snowflake shape. The metal wire may be a
copper wire or a silver wire, and may be attached on the
substrate through etching, electroplating, drilling, photoli-
thography, electron etching or 1on etching. The plurality of
man-made microstructures in the man-made composite mate-
rial make the refractive indices of the man-made composite
material increase with the angle 0 increases. Given that an
incident electromagnetic wave 1s known, by appropnately
designing topology patterns of the man-made microstruc-
tures and designing arrangement of the man-made micro-
structures of different dimensions within an electromagnetic
wave converging component, the refractive index distribution
of the man-made composite matenal can be adjusted to con-
vert the plane electromagnetic wave 1nto an electromagnetic
wave diverging 1n the form of a spherical wave.

In order to more intuitively represent the refractive mdex
distribution of each of the man-made composite material
sheet layers in a YX plane, the units that have the same
refractive index are connected to form a line, and the magni-
tude of the refractive index 1s represented by the density of the
lines. A higher density of the lines represents a larger refrac-
tive index. The refractive index distribution of the man-made
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composite material satistying all of the above relational
expressions 1s as shown in FIG. 8.

The present invention has been elucidated in detail by
taking the parabolic arc and the elliptical arc as examples. As
a non-limiting example, the present invention may further
apply to other kinds of curves such as 1rregular curves. The
cases satisiying the refractive index distribution principle of
the present imvention shall all fall within the scope of the
present invention.

The present invention further provides a man-made com-
posite material antenna. A part from the man-made composite
material 10 as shown 1n FIG. 1 and FIG. 2, the man-made
composite material antenna further comprises a radiation
source disposed at a side of the man-made composite material
10. The structure and the refractive index variations of the
man-made composite material 10 have been described above,
and thus will not be further described herein.

The aforesaid man-made composite material may be 1n the
form shown 1n FIG. 2, and of course, may also be made into
other desired forms such as an annular form so long as the
aforesaid refractive index variation rules can be satisfied.

In practical applications, in order to achieve better perfor-
mances of the man-made composite material and reduce the
reflection, an impedance matching layer may be disposed at
cach of two sides of the man-made composite materal.
Details of the impedance matching layer can be found in the
prior art documents, and thus will not be further described
herein.

By designing abrupt transitions of the refractive indices of
the man-made composite material to follow a curved surface
according to the present invention, the refraction, diffraction
and reflection at the abrupt transition points can be signifi-
cantly reduced. As a result, the problems caused by interfer-
ences are eased, which further improves performances of the
man-made composite material.

The embodiments of the present invention have been
described above with reference to the attached drawings;
however, the present invention 1s not limited to the aforesaid
embodiments, and these embodiments are only 1illustrative
but are not intended to limit the present invention. Those of
ordinary skill in the art may further devise many other imple-
mentations according to the teachings of the present invention
without departing from the spirits and the scope claimed 1n
the claims of the present invention, and all of the implemen-
tations shall fall within the scope of the present invention.

What 1s claimed 1s:

1. A man-made composite material having a thickness
between a first and second surface, configured such that the
first and second surfaces are perpendicularly disposed to a
propagation direction of a plane electromagnetic wave, a
curved surface within the man-made material that extends
through the thickness, wherein the plane electromagnetic
wave 1s incident on the first surface of the man-made com-
posite material, a spherical electromagnetic wave exits from
the second surface of the man-made composite material, and
reverse extensions of the exiting spherical electromagnetic
wave 1ntersect with each other at a virtual focus of the man-
made composite material;

a set of first straight lines connecting the virtual focus to a
corresponding set of points on a circular boundary line
between the curved surface and the second surface of the
man-made composite material, and

a second straight line perpendicular to the man-made com-
posite material, wherein each first straight line forms an
angle 0 with the second straight line, wherein the same
angle 0 corresponds to each of the points 1n the set;
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additional sets of first straight lines connecting the virtual
focus to additional corresponding sets of points along
the curved surface, wherein

cach additional set of points on the curved surface form a
circular line and has a same uniquely corresponding >
angle 0 and a same refractive index;

the curved surface has a generatrix which extends along a
direction of the thickness of the man-made composite
material and between the first surface and the second
surface 1s formed by rotating the generatrix about the
second straight line; and refractive indices of the man-
made composite material increase gradually as the angle
0 1ncreases.

2. The man-made composite material of claim 1, wherein a

refractive index distribution of the curved surface satisfies:

10

15

1 [(F+d)

n(®) = S(6)| cos6

—(F+d)+n,,,d|,

20

where, S(0) 1s an arc length of a generatrix of the curved
surface, F 1s a distance from the virtual focus to the
man-made composite material; d 1s a thickness of the
man-made composite material; and n_, 1S a minimum
refractive index of the man-made composite materal.
3. The man-made composite material of claim 2, wherein
the generatrix of the curved surface 1s a parabolic arc or an
clliptical arc.
4. The man-made composite material of claim 3, wherein
the arc length S(0) of the parabolic arc satisfies:

25

30

d | log([tand] + V1 + tan28 ) + &
S() = — a i) ) + V1 +tan2d |,

35

[~

where 0 1s a preset decimal.

5. The man-made composite material of claim 4, wherein
when a line passing through a center of the second surface of
the man-made composite material and perpendicular to the
man-made composite material 1s taken as an abscissa axis and
a line passing through the center of the second surface of the
man-made composite material and parallel to the second sur- 45
face 1s taken as an ordinate axis an equation of a parabola
where the parabolic arc 1s located 1s represented as:

1 50
y(x) = tan@(— ﬂxz +x+ F + d].

6. The man-made composite material of claim 5, wherein
the angle 0 and each point (X, y) of the parabolic arc satisiy the

: : : 55
tollowing relational expression:

2dy
2d(F+d+x)—x%|

O(x, y) = tan'
60

7. The man-made composite material of claim 3, wherein
when a line passing through a center of the second surface of
the man-made composite material and perpendicular to the
man-made composite material 1s taken as an abscissa axis and 65
a line passing through the center of the second surface of the
man-made composite material and parallel to the second sur-

12

face 1s taken as an ordinate axis, an equation of an ellipse
where the elliptical arc 1s located 1s represented as:

where a, b and ¢ satisty the following relationships:

d*  [(F+dtand—c]*
P P2 ’

sinf b* d
F+ditanf—c

\/ n2(0) — sin2(6) @

8. The man-made composite material of claim 7, wherein a
center of the ellipse where the elliptical arc 1s located 1s
located on the first surface and has coordinates (d, c).

9. The man-made composite material of claim 7, wherein a
point on the second surface corresponding to the angle 0 has
a refraction angle 0', and a refractive index n(0) of the point
satisfies:

s1né
n(d) =

sing’

10. The man-made composite material of claim 2, wherein
the man-made composite material comprises at least one
man-made composite material sheet layer, each of which
comprises a sheet-like substrate and a plurality of man-made
microstructures attached on the substrate, and each of the
man-made microstructures 1s a two-dimensional (2D) or
three-dimensional (3D) structure comprising at least one
metal wire and having a geometric pattern, and 1s of an I
shape, a cross shape, or an elliptical shape.

11. A man-made composite material antenna having a
thickness between a first and second surface, comprising a
radiation source and a man-made composite material config-
ured such that the first and second surfaces are perpendicu-
larly disposed to a propagation direction of a plane electro-
magnetic wave, a curved surface within the man-made
material that extends through the thickness, wherein the plane
clectromagnetic wave 1s incident on the first surface of the
man-made composite material, a spherical electromagnetic
wave exits from the second surface of the man-made com-
posite material, and reverse extensions of the exiting spheri-
cal electromagnetic wave intersect with each other at a virtual
focus of the man-made composite material;

a set of first straight lines connecting the virtual focus to a
corresponding set of points on a circular boundary line
between the curved surface and the second surface of the
man-made composite material, and

a second straight line perpendicular to the man-made com-
posite material, wherein each first straight line forms an
angle 0 with the second straight line, wherein the same
angle 0 corresponds to each of the points 1n the set;

additional sets of first straight lines connecting the virtual
focus to additional corresponding sets of points along
the curved surface, wherein

cach additional set of points on the curved surface form a
circular line and has a same uniquely corresponding
angle 0 and a same refractive index;
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the curved surface has a generatrix which extends along a
direction of the thickness of the man-made composite
material and between the first surface and the second
surface 1s formed by rotating the generatrix about the
second straight line; and refractive indices of the man-
made composite material increase gradually as the angle

0 1increases.
12. The man-made composite material antenna of claim
11, wherein a refractive index distribution of the curved sur-

face satisties:

1 [(F+d)

= —(F+d)+n,,;,d
S(Q) ( ) ”mm e

1{8)

cosf

where, S(0) 1s an arc length of a generatrix of the curved
surface, F 1s a distance from the virtual focus to the
man-made composite material; d 1s a thickness of the
man-made composite material; and n_ . 1s a minimum
refractive index of the man-made composite material.
13. The man-made composite material antenna of claim
12, wherein the generatrix of the curved surface 1s a parabolic
arc or an elliptical arc.

14. The man-made composite material antenna of claim
13, wherein the arc length S(0) of the parabolic arc satisfies:

log(ftané] + V1 + tan26 ) + 8
[tand| + &

S(0) = + V1 +tan20 |,

where 0 1s a preset decimal.

15. The man-made composite material antenna of claim
14, wherein when a line passing through a center of the
second surface of the man-made composite material and per-
pendicular to the man-made composite material 1s taken as an
to abscissa axis and a line passing through the center of the

second surface of the man-made composite material and par-
allel to the second surface 1s taken as an ordinate axis, an

equation of a parabola where the parabolic arc 1s located 1s
represented as:

1
_ -2
y(x) _taHQ( de +x+F+d].

16. The man-made composite material antenna of claim
15, wherein the angle 0 and each point (X, y) of the parabolic
arc satisty the following relational expression:
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2dy
28(F+d +x)—x% |

O(x, y) = tan'

17. The man-made composite material antenna of claim
13, wherein when a line passing through a center of the
second surface of the man-made composite material and per-
pendicular to the man-made composite material 1s taken as an
abscissa axis and a line passing through the center of the
second surface of the man-made composite material and par-
allel to the second surface 1s taken as an ordinate axis, an
equation of an ellipse where the elliptical arc 1s located 1s

represented as:

N2 RS
w-df  y-of _

b2 L3

12

where a, b and ¢ satisty the following relationships:

d*  [(F+ d)tanf — c]*
P 12 =1
sind b* d

Ve —sim O DEd=c

18. The man-made composite material antenna of claim
17, wherein a center of the ellipse where the elliptical arc 1s
located 1s located on the first surface and has coordinates (d,

C).

19. The man-made composite material antenna of claim
17, wherein a point on the second surface corresponding to
the angle 0 has a refraction angle 0', and a refractive index

n(0) of the point satisfies:

siné

o) = sinf’

20. The man-made composite material antenna of claim
12, wherein the man-made composite material comprises at
least one man-made composite material sheet layer, each of
which comprises a sheet-like substrate and a plurality of
man-made microstructures attached on the substrate, and
cach of the man-made microstructures i1s a 2D or 3D structure
having a geometric pattern, and 1s of a cross shape or a
snowflake shape.
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